. Sample recordings from a UTAH multielectrode array in Monkey (A) PMD and Human (B) Temporal cortices during 8 sec of SWS (Slow-wave sleep). In each panel, the upper section depicts LFP (local field potentials) from different locations of the multielectrode array. Lower sections show the corresponding Excitatory (blue) and Inhibitory (red) cells. Insets show the spike-waveform that was used to categorize the units into two inhibitory and excitatory cell populations.
. Separation between the putative regular spiking and fast spiking neurons in monkey. (A) Clustering based on 4 features of the spike waveform (half-peak width, half-valley width, valley-to-peak amplitude and valley-to-peak amplitude ratio) and we classified the spike waveforms in this 4-dimensional feature space into two classes (putative regular spiking, RS, and fast spiking, FS). The data points and histograms corresponding to these two types are shown in different colors (RS -blue, FS -red). The off-diagonal panels represent scatter plots of between each pair of features (labels at the top and left edges of the figure, each dot corresponds to a single neuron). The bar plots on the diagonal represent the histograms of spike-waveform features for each neuron type separately. (B) Average spike waveforms of the RS and FS type. (C) An example cross-correlogram (black bars, bin size 0.5 ms) between a pair of putative fast-spiking and regular-spiking neurons (spike waveforms shown in insets). The positive lags represent spikes of the FS neuron arriving after the spike of the RS neuron. The prominent peak at 2 ms corresponds to a presumed mono-synpatic connection from the RS neuron to the FS neuron, confirming functionally the separation based on electrophysiological features (spike waveform). Figure S4 . Sample recordings for AWAKE (left) and SWS (right) in monkey. A1 and B1 show 60 seconds windows; A2 and B2 show a 10 second window of the same state. In the rasters, putative inhibitory neurons (FS cells) and putative excitatory neurons (RS) are depicted in red and blue, respectively. In each panel, a sample LFP accompanies the spiking activity. Neurons are sorted based on their firing rate within the 60 sec epochs, in a descending order. Histograms show the overall excitatory activity normalized to the maximum of firing rate (within FS or RS category) in the shown example. Figure S7 . . Excitation and inhibition are correlated over multiple scales. In each panel, the cross-correlogram is shown as the histogram of delays of the spikes in the ensemble target series (inhibitory) with respect to the spikes of the reference series (excitatory). The vertical dashed line shows the lag zero, the horizontal line shows the average ensemble cross-correlogram of the Monte Carlo randomized process. In each histogram, the count of delays is turned into percentage (y-axis) for comparative reliability across different subjects (with different number of cells), different scales (different bin sizes) and different states (different length of the event). Note that in all panels lags -50 to +50 (bins) are shown. However, the span of time (x-axis, in sec) depends on the bin size of the evaluated timescale. A1 to A4, Ensemble cross-correlograms during slow-wave sleep across two different humans and two different nights of recording from the monkey are shown for a sample timescale. The shown randomized control (red) is the average of 100 realization of random permutation of the ensembles (see methods). B1 to B4, Ensemble cross-correlogram during wakefulness for a given subject across four different scales. Note that in each histogram of delays, the same number of lags (-50 to +50) are tested. The randomized control (red) is the average of 100 rounds of realization of random local jitter (see methods for details). C1 to C4, Ensemble cross-correlogram of different states in another human subject for an example scale. All four randomized controls (horizontal lines) show similar outcomes. The randomized controls show that these four different randomization procedures yield highly reliable dispersion of events in the ensemble series such that the ensemble cross-correlogram no longer shows any temporal interdependency between the ensemble excitatory and inhibitory series. Figure S9 . A1,B. Normalized g E (excitatory conductance, blue) and g I (inhibitory conductance, red) for a sample segments for two example E cells. A2, zoom in the marked region of A1. C. Correlation of g E and g I in 100 sample cells from the model. Each row shows normalized cross correlation between g E and g I for 50 lags (each lag = 1ms). Cells show variable conductance correlation maximum lag, with g I lagging behind g E on average. D. The cross-correlation between two exponential kernels provides similar characteristics to the g E :g I correlation. Inset, exponential kernels constructed with decay time based on average g E and g I rise time (across all cells) and delayed based on the average g E :g I conductance correlation. Figure S10. Panel A shows estimation of deviation from balance, between ensemble excitation and inhibition for a sample scale of SWS in a human subject, using robust bisquare regression. The fit (blue line) to the green cloud (data) shows the axis of symmetry of the data. Its deviation from the symmetry axis of the plane (in red) shows the degree of balance deviation. Panels B to D each show a different method for estimating the deviation from perfect symmetry. Panel B, shows the major orientation axis of the Z-scored data. Panel C, shows the distribution of E-I ensemble fraction pairs for a sample scale during SWS. The black lines are the centroids of the iso-surfaces. Panel D, combining these info, one can find the mid-plane of the data (shown in black) and find its tetrahedral angle with the plane of absolute symmetry (shown in cyan; see also the distribution of such angles in Fig.5 ).
x Fig.2 bottom panels) . In the shown examples (as well as in Fig.6 ), electrographic seizure starts around 270 sec. In all cases, ensemble excitation and inhibition follow the same multiscale trend. At the time of seizure, the two ensembles go through major fluctuations, and disentangle. In C1, return to multiscale balance trend happens fairly shortly. In A1, the system returns to balance a bit later (around second 400) and in B1, the system shows prolonged disturbed balance in the examined period shown here. Panels A2:3, B2:3 and C2:3 show the heatmap of the normalized ensemble excitatory and inhibitory differences, corresponding to the 9 minute recording and the middle 40 seconds zoom in (similar to Fig.6C ).
